The preoperative and postoperative radiologic findings in 71 patients with patent ductus arteriosus treated surgically were investigated. The purpose of the study was to determine the magnitude, character, and rapidity of the changes observed, as well as the relationship of the postoperative change to complicating cardiovascular lesions. Serial examinations were compared with the preoperative studies and with each other, including an analysis of over-all heart size, individual chamber size, the pulmonary vessels, and the aortic silhouette. The results were tabulated and their significance was evaluated. the central or hilar pulmonary arteries, the peripheral pulmonary arteries, the pulmonary veins, the aortic knob, the right atrium, right ventricle, left atrium, and left ventricle. The eardiothoracic ratio and the pulmnonary-thoracic ratio* were measured on all preoperative and postoperative examinations. The presence or absence of a convexity at the caudal margin of the aortic knob was noted, and fluoroscopic findings were evaluated. Too few preoperative and postoperative kymograms were available for analysis in this series.
THE preoperative radiologic findings in r 1 patent ductus arteriosus have been carefully studied and recorded. [1] [2] [3] Postoperative radiologic studies, on the contrary, have been few in number, although a number of allusions have been made to the changes noted after ligation.1 4' 5 As part of a continuing analysis of the radiologic aspects of operable heart disease, it seemed worthwhile investigating this matter in some detail, in an effort to determine the magnitude, character, and rapidity of the changes observed, as well as the relationship of postoperative change to complicating cardiovascular lesions.
METHODS AND MATERIAL Fromn a group of 165 consecutive cases of surgically corrected patent ductus arteriosus, 71 patients whose work-up included adequate preoperative and postoperative films were selected for analysis. All In all cases, a left-to-right shunt through a patent ductus arteriosus was present, and closure of the ductus was undertaken surgically. The age of the patients at the time of surgery is indicated in table 1. Most patients were followed clinically and radiologically for a period of 1 to 5 years.
The clinical, laboratory, and operative findings were studied prior to radiologic analysis. There- after, 2 the central or hilar pulmonary arteries, the peripheral pulmonary arteries, the pulmonary veins, the aortic knob, the right atrium, right ventricle, left atrium, and left ventricle. The eardiothoracic ratio and the pulmnonary-thoracic ratio* were measured on all preoperative and postoperative examinations. The presence or absence of a convexity at the caudal margin of the aortic knob was noted, and fluoroscopic findings were evaluated. Too few preoperative and postoperative kymograms were available for analysis in this series.
RESULTS

Cardiothoracic Ratio
Cardiothoracic ratiot (C-T ratio) was greater than .50 in 52 patients, and less than .50 in 19. In 50 patients with a C-T ratio above .50, a significant decrease was apparent in the postoperative period ( fig. 1 ). In 2, an increase in the C-T ratio occurred. Among the 19 patients with a ratio of less than .50, a significant diminution occurred in 15. All patients under 10 years of age with an un-*The pulmonary-thoracic ratio constitutes the ratio of the spine-pulmonic are distance in centimeters to the transverse diameter of the chest in centimeters (the spine-pulmonic are distance is measured from the right lateral margin of the spine at the level of the pulmonary artery segment to the midpoint of an are drawn at the lateral edge of the pulmonary artery segment, see figure 2 ). . Patent ductus arteriosus with pulmonary hypertension and markedly elevated pulmonary resistance. This 11-year-old girl had marked pulmonary hypertension, with a pulmonary artery pressure of 99/64, and small bidirectional shunts. The calculated pulmonary resistance was elevated. Following closure of the ductus arteriosus, there was a poor response with intermittent right-sided congestive heart failure persisting over a sustained period of time. She died 10 months after operation in right heart failure. Left. Preoperative film. There is cardiac enlargement, a large main pulmonary artery, and prominent central pulmonary artery branches. The peripheral pulmonary branches are relatively small. Right. Film obtained 7 months after operation. There has been a marked increase in heart size, and an increase as well in the size of the central pulmonary arteries. The clarity of the peripheral lung fields is relatively striking, and the disparity between central and peripheral vessel size is an indication of the increased resistance in the peripheral pulmonary arterial bed. 
Rapidity of Change
In the immediate postoperative period, the most striking changes observed are a decrease in the peripheral pulmonary vascularity and at times in the size of the hilar pulmonary arteries (fig. 4) . Within a matter of hours after surgery, the vessels appear significantly less distended, and by 2 days they have undergone striking regression in size. Two months after surgery, the vessels may appear virtually normal, and beyond 6 months, little alteration in their size may be expected.
The heart size changes at a slower rate. A few days after surgery, some decrease in size may be noted. By 10 days postoperatively, the cardiac silhouette has usually diminished somewhat in size, and by 2 months the major change in heart size has already occurred. At 6 months, the heart size has stabilized itself at a point which is rarely changed to any significant degree over the ensuing years. The magnitude of the change is proportional to the preoperative cardiac and pulmonary artery size, which, in turn, probably reflect the volume of the left-to-right shunt. Too few of the patients in this series were catheterized to allow an exact correlation between the size of the shunt and the preoperative appearance of the heart. There was a rough correlation between the size of the ductus as recorded by the surgeon and the degree of preoperative and postoperative roentgen change observed.
Effect of Pulmonary Hypertension
If the pressure is high, the shunt large, and the resistance normal or only slightly increased, the pulmonary arteries and heart size return to normal shortly after ductal closure. If the shunt is moderate and the resistance is increased moderately, the heart and pulmonary arteries may decrease in size, but not always to normal. If the shunt is small and the resistance markedly increased, no change in heart size or the appearance of the pulmonary arteries need occur, and indeed progressive enlargement with death in right heart failure may develop ( fig. 5 ).
Complicating Lesions
In 13 of the 71 cases, complicating lesions were thought to be present postoperatively either on clinical grounds or on the basis of cardiac catheterization. These consisted of cardiac septal defects, aortic valvular disease, and, in 1 instance, pulmonic stenosis. In general, these were precisely the cases that failed to have the expected alterations in over-all heart size, individual chamber size, and pulmonary artery size during the initial 6-month postoperative observation period.
During the course of study, an apparent correlation between the incidence of second cardiac lesions and the presence of rubella early in pregnancy was incidentally observed. Of 11 patients whose mothers offered a history of rubella early in pregnancy, 6 Virtually all cases of patent ductus arteriosus in this series had definite cardiac enlargement early in life. That a selection factor may be implicated is obvious. Most cases coming to surgery in infancy were in heart failure, which necessitated hospitalization. Obviously, the shunt in these cases was large and the heart size and pulmonary vascularity reflected this.
Of major interest was the fact that many hearts considered "normal" in size preoperatively decreased to a smaller "normal" in size postoperatively. In these cases the duetus arteriosus increased the work load of the heart and caused it to be larger than it would have been in the absence of a left to right shunt, but still well within radiologically normal limits. Similarly, in some instances in which the size of the pulmonary vessels was thought to be within the normal range, a decrease in size was observed. A clinical parallel lies in the observation that many seemingly asymptomatic patients with patent ductus arteriosus experience increased exercise tolerance after ductal closure.
The presence of pulmonary hypertension in association with patent ductus arteriosus is not necessarily a poor prognostic sign, nor need it represent a real increase in pulmonary resistance. If the pulmonary flow is markedly augmented, the pressure may be significantly elevated in the pulmonary artery even though calculated pulmonary resistance is normal. In these cases, the central and peripheral arteries will be enlarged, and the appearance of the pulmonary arteries will suggest increased flow primarily. If the pressure is markedly elevated and the leftto-right shunt is small, this reflects aii increase in pulmonary resistance that may imply a poor prognosis ( fig. 5 ). When the pulmonary resistance is thus increased, the size of the central or hilar pulmonary arteries will be increased, but the peripheral pulmonary arteries will be small or normal in size.
This disparity (which can be expressed as a high ratio of central to peripheral artery size) is itself suggestive of pulmonary hypertension associated with elevated pulmonary resistance.9
In a recent attempt to evaluate the roentgen manifestations of pulmonary hypertension in congenital heart disease, Keats et al.10 were able to find a significant disparity (2 -3+) in respective sizes of central and peripheral arteries on only 14 of 36 cases. A slight (1+) disparity was noted in an additional 9 cases. In their study, however, all patients with pulmonary artery pressure ranging from 30 to 130 mm. Hg were considered as a single group, without considering age (3 to 45 years) or defining pulmonary blood flow or resistance. Under these circumstances, equivocal conclusions might have been predicted because (a) the disparity is a reflection of increased resistance9 11 rather than increased pulmonary flow, and (b) the central pulmonary arteries need not appear enlarged radiologically in children with increased pulmonary resistance*9
The fact that patients with patent ductus arteriosus and markedly elevated pulmonary resistance may do poorly following ductal closure is best illustrated by the experience with those patients who have reversal of flow.12 Surgery in such cases is frequently followed by right heart failure and death. In cases in which the pulmonary resistance is known to be high, but ductus arteriosus and cardiac septal defects.3 7,13 14 When a prominent aortic knob is visible, and the radiologic evidence of a left-to-right shunt is conclusive, this sign may be useful in suggesting that a patent ductus arteriosus is more likely than a ventricular septal defect. Its absence, however, should not militate against the diagnosis of a patent ductus arteriosus. This is particularly true in the younger age group, in whom a prominent aortic knob is rarely visible. Above the age of 10, in most instances the aortic knob is prominent and is therefore a more useful diagnostic point at this age. Reliance on the presence of aortic convexity at the site of the ductus is unwarranted in the younger age group, since it is rarely detectable below the age of 4 Quando le dimension cardiac e le vascularitate pulmonar non retorna al stato normal in le curso de 6 menses, le suspicion de un lesion complicatori es justificate.
Le button aortic se monstra non-allargate in un numero significative de infantes con patente ducto arteriose. Post clausion chirurgic del ducto, le prominentia del button pote accentuar se de maniera signifieative. The environmental factor that correlates best with coronary heart disease is total fat consumption when expressed as a per cent of the total calories. This relationship between total fat intake and coronary heart disease rates for men below 65 may be expressed as follows: populations with fat intakes approximating 40 per cent of their total calories have high death rates; populations with total fat intakes below 20 per cent of total calories have low death rates; populations with intermediate fat intakes have intermediate death rates. Although there are degrees of susceptibility mediated by such unalterable factors such as sex, race, heredity, and body constitution and other environmental factors such as physical activity, obesity, and excessive tobacco, it is clear that the amount and type of fat intake is a major etiologic factor in the pathogenesis of coronary heart disease. Several groups of observers have conclusively demonstrated that feeding diets consisting of highly saturated fats results in high levels of blood cholesterol. Substitution or addition to the diet of certain oils, all naturally rich in unsaturated fatty acids, results in a consistent fall of serum and f3-lipoprotein total cholesterol. A deficiency of unsaturated fatty acids, particularly of the essential linoleic, linolenie, and arachidonic acids, results in the formation of a saturated fatty acid-cholesterol complex. This is deposited to a greater extent in the intima of highpressure arteries. These deposits in the aorta or other large vessels are relatively innocuous but when they are deposited in a strategic position in a coronary vessel, an occlusion or thrombosis may occur. The demonstration that feeding certain marine and vegetable oils containing unsaturated fatty acids causes a fall in serum and ,3-lipoprotein total cholesterol levels constitutes a major breakthrough for public health that may prove of practical value. HARRIS
